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CLAIMS 

What is claimed is : 

1 . A method for forming a semiconductor dfevice structure comprising: 
providing a semiconductor substrate assembly having a surface; and 
forming a diffusion barrier layer over at least a p^ptfon of the surface, wherein the 

diffusion barrier layer comprises RuSi^^y. 

2. The method of claim 1 , wherein forming a diffusion barrier over at least a 
portion of the surface comprises forming a layer of Ru^Oy where x is in the range of 
about 0.01 to about 10. 

3. The method of claim 2, wherein forming a diffusion barrier over at least a 
portion of the surface comprises forming a layer of RuSi^Oy where x is about 0.4. 

4. The method of claim 1 , wherein forming a diffusion barrier over at least a 
portion of the surface comprises forming/a layer of RuSi^Oy where y is in the range of 
about 0.01 to about 10. 

5. The method of claim 4, wherein forming a diffusion barrier over at least a 
portion of the surface comprises forming a lay^r of RuSi^Oy where y is about 0.05. 

6. The method o/claim T, wherein forming the barrier layer includes 
depositing RuSi^Oy by cheijiical vapor deposition. 

7. The meth{)d of claim 1, wherein forming the barrier layer includes 
depositing RuSi^^Oy byatomic layer deposition. 

8. Th^method of claim 7, wherein forming the barrier layer includes 
depositing three p five monolayers of RuSi^Oy. 
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depositing RuSi^Oy by physical 



9. The method of claim 1/wherein fomiing the barrier layer includes 

3or deposition. 
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10. The method of claim 1, wherein fon]/ing said diffusion barrier layer 
comprises; 

forming a layer of ruthenium relative to a silic^ containing region; and 
performing an anneal in an oxidizing atmosj^ere to form RuSi^Oy from the layer of 
ruthenium and the silicon containing region. 

1 1 . The method of claim LO, wherein forming the layer of ruthenium includes 
depositing the layer of ruthenium hy chemical vapor deposition. 
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12. The method Af Amm 10, wherein forming the layer of ruthenium includes 
depositing the layer of ruthmi)bm by atomic layer deposition. 



13. The metMod of claim 12, wherein forming the layer of ruthenium includes 
depositing three to fiye monolayers of RuSi^Oy. 



14. The method of claim 10, wherein performing an anneal in an oxidizing 
atmosphere includes performing an anneal in an atmosphere including an oxidizing gas. 
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15. The ro^hod of claim 1, wherein the method further includes forming at 
least one additional conductive material over the diffusion barrier layer, and selecting the 
at least one aidaitional conductive material from a group of a metal and a conductive 
metal oxide. 
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\ 16. The method of claim 1 0, wherein perfo^ing the anneal to form said 
^ RuSi^Oy includes performing an anneal at a tempej?^re in the range of about 400 C to 
about 1000° C. 

17. The method of claim 10, ^vherein performing an anneal in an oxidizing 
atmosphere to form RuSi^^Oy from th^ayer of ruthenium and the silicon containing 
region comprises performing said/anneal in an atmosphere comprising air, oxygen, and 
oxygen-containing compound^ 

1 8. The method of claim 10, wherein said siUcon containing region includes at 
least a portion of saicKsemiconductor substrate. 




19. The method of claim 1 , wherein fepiing said diffusion barrier layer 
comprises forming a diffusion barrier layer in afflpJ)xidizing atmosphere. 

20. The method of claim 1 9, whereiyTorming a diffusion barrier layer in an 
oxidizing atmosphere comprises forming a (^fusion barrier layer in an atmosphere 
including an oxidizing gas. 



21. A method for forming a capacitor comprising: 
forming a first electrode on a ponion of a substrate assembly; 

forming a high dielectric coi);^ant material over at least a portion of the first electrode; 
and 

forming a second electa^)de over the high dielectric constant material, wherein at least one 
of the first and second electrodes comprises a barrier layer formed of RuSi^Oy, 
where xy^d y are in the range of about 0.01 to about 10. 



The method of claim 21, wherein x and y are in the range of about 0.01 to 



about/. 
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23. The method of claim 22, wherein x is about 



24. The method of claim 22, wherein^ is about 0.05. 

5 25. The method of ciaim^, wherein the barrier layer is formed by chemical 

vapor deposition. 

26. The method of claim 21, wherein the barrier layer is formed by atomic 
layer deposition. 
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27. /The method of claim 2 1 , wherein forming the barrier layer includes 
depositing/Qiree to five monolayers of RuSi^Oy. 



28. A method for forming a capacitor comprising: 
providing a silicon containing region/of a substrate assembly; 
forming a first electrode on at lea^ a portion of the silicon containing region of the 
substrate assembly, the first electrode comprising a barrier layer of RuSi^Oy, 
where x and y are in the range of about 0.01 to about 10; 
providing a high dieleizTric constant material over at least a portion o|^the first electrode; 
and 

providing a secmid electrode over the high dielectric constant material. 



The method of claim 28, wherein x and y are in the range of about O.O Ho 
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30. The method of claim 28, \^h^r^ fomiing the barrier layer includes: 
forming a layer of ruthenium on the ^^^t^ast a portion of the silicon containing region; and 
annealing the layer of ruthenium^ormed on the at least a portion of the silicon containing 
region resulting i^^e RuSi^Oy barrier layer. 





3 1 . The method of claim 30, wherd^orming the layer of ruthenium includes 
epositing the layer of ruthenium by chejjarfcal vapor deposition to a thickness of about 
lOA to about 5000A. 



32. The methpoof claim 30, wherein forming the layer of ruthenium includes 
depositing the laye^/m ruthenium by atomic layer deposition to a thickness of about lOA 
to about 5000/ 




33. The method^of^laim 32, wherein forming the layer of ruthenium includes 
depositing three to^Ve monolayers of ruthenium. 

/Tf 34. The method of claim 3 1 , wWein forming the layer of ruthenium 
comprises forming a layer of rutheniunyu) a thickness of about 50A to about 500A. 



35. The method of claim 34, wherein forming the layer of ruthenium 

X o 

comprises forming a layer of mthenium to a thickness of about 300A. 



36. The method of claim 28, wherein annealing the layer of ruthenium formed 
on the at least a porti^ of the silicon containing region includes annealing at a 
temperature in the/mnge of about 400° C to about 1000° C for about 0.5 minutes to about 
60 minutes in a^inert gas atmosphere. ^ 





37. The method of claim^^8fwherein the RuSi^Oy barrier layer is formed by 
chemical vapor deposition ugidg a ruthenium precursor and a silicon precursor. 
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38. A method for forming a capacitor comprisinc 
providing a silicon containing region of a substrate assembly; 
forming a first electrode on at least a portion of the silL^n containing region of the 
substrate assembly, the forming of the first d^ctrode comprising: 
forming a barrier layer of RuSi^Oy, wher^ and y are in the range of about 0.01 to 
about 10, and 

forming one or more conductive lajj^s relative to the RuSi^Oy barrier layer, the 
one or more conductive Ig^ers formed of at least one of a metal or a 
conductive metal oxide 
providing a high dielectric constant/material over at least a portion of the first electrode; 
and 

providing a second electrode o/er the high dielectric material. 



39. The method^of claim 38, wherein the one or more conductive layers are 
formed from materials sheeted from the group of RUO2, Rh02, M0O2, Ir02, Ru, Rh, Pd, 
Pt, Ir, W, WN, TaN, o(and OSO2. 

40. Th/ method of claim 38, wherein forming the barrier layer includes: 
forming a layer /f ruthenium on the at least a portion of the silicon containing region; and 
annealing the l&yer of ruthenium formed on the at least a portion of the silicon containing 

regiop resulting in the RuSi^Oy barrier layer. 



41 . The method of clmm<>8, wherein the RuSi^Oy barrier layer is formed by 
chemical vapor deposition using a ruthenium precursor and a silicon precursor. 




42. Themethod of claim 38, wherein the RuSi^Oy barrier layer is formed by 



atomic laye^d^osition using a ruthenium precursor and a silicon precursor. 
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43. The method of claii^H^Twherein three to five layers of RuSi^Oy are 



formed. 
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44. A semiconductor device structure cg^nprising: 
5 \ "a substrate assembly including a surface; and 

a diffusion barrier layer over at least a pQj?tfon of the surface, wherein the diffusion barrier 
layer is formed of RuSi^^^^^^^^ ^ y are in the range of about 0.01 to 
about 10. 



10 45. y/vcv^ structure of claim 44, wherein x and y are in the range of about 0.1 to 

about 

46. The structure of claim 45, wherein x is about 0.4. 
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47. The structure of claim 45, wherein'^is about 0.03 




48. The structure ^claim 44, wherein the at least a portion of the surface is a 
silicon containing surface^and further wherein the structure includes one or more 



additional conductive layers over the diffusion barrier layer formed of at least one of a 
iuctiA 



metal and a conductive metal oxide. 




' 49. The structure ofifclaim 48, wherein the one or more conductive layers are 
formed from materials selected from the group consisting of RuOj, Rh02, M0O2, IrOj, 
Ru, Rh, Pd, Pt, Ir, W, WN,/aN, Os, and OsOj. 
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^ 50. A capacitor structure comprisinc 
a first electrode; 

a high dielectric constant material on at least^a portion of the first electrode; and 
a second electrode on the dielectric material, wherein at least one of the first and second 

electrode comprises a diffusion ba/rrier layer formed of RuSi^Oy, where x and y 

are in the range of about 0.01 to /about 10. 

5 1 . The structure of clair/ 50, wherein x and y are in the range of abou\0.01 to 
about 1. 

52. The structure oiLXdxm 50, wherein the diffusioj^^rrier layer of the firs\ 
electrode is formed on at leasya portion of a silicon contaiijing region and further wherein 
the structure includes one orAnore additional conductive layers over the diffusion barrier 
layer formed of at least ona of a metal and a conductive metal oxide. 

/ ^ 

53. The structure of claim 52, wherein the one or more additional conductive 

layers are formed from materials selected from the group consisting of RUO2, Rh02, 
M0O2, Ir02, Ru, Pt, It W, WN, TaN, Os, and OSO2. 



54. A integrated circuit structure comprising: 
a substrate assembly including at least one active device and a silicon containing region; 
and / 

an interconnect formed relative to the at least one active device and the silicon containing 
regioii, the interconnect including a diffusion barrier layer on at least a portion of 



abouty 



the^ilicon containing region, wherein the diffusion barrier layer is formed of 
RifiSi^Oy, where x and y are in the range of about 0.01 to about 10. 



p5. The structure of claim 54, wherein x. and y are in the range of about 0. 1 to 
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56. The structure of claim 54, wherein x is about 0.4. 

57. The structure of claim 54^wherein y is about 0.05. 






58. The structure oj&claim 54, further comprising a conductive contact 
material formed relative tenhe diffusion barrier layer. 



V 59. A method for forming a semiconductor device structure having a RuSi^Oy 
barrier layer, the method comprising: 

(a) placing a semiconductor substrate assembbf in a reaction chamber, said 

semiconductor substrate assembly ha/ing a surface; 

(b) introducing a ruthenium precursor intoysaid reaction chamber to form a single layer 

of ruthenium on at least a portion M said semiconductor substrate surface; 

(c) introducing a non-reactive gas into /aid reaction chamber to substantially cover said 

single layer of ruthenium and purge said ruthenium precursor from said reaction 
chamber; 

(d) introducing a silicon precursorAnto said reaction chamber to form a single layer of 

RuSi^Oy on at least a portion of said semiconductor substrate surface; and 

(e) introducing a non-reactive sas into said reaction chamber to substantially cover said 

single layer of RuSi^O/and purge said silicon precursor from said reaction 
chamber. 

60. The method of claim 59, further comprising introducing an oxygen- 
containing substance into said reaction chamber to form a single barrier layer of RuSi^Oy 
on at least a portion of iaid semiconductor substrate surface. 

61 . The method of claim 59, wherein introducing a silicon precursor into said 
reaction chamber comprises introducing a silicon precursor in an oxidizing atmosphere 
within said reactipn chamber. 
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62. The method of claim 61^^j2^rein introducing a silicon precursor in an 
oxidizing atmosphere comprises hilfoducing said silicon precursor in an atmosphere 
comprising air, oxygen, or affoxygen-containing compound. 
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63. The method of claim 59, whereiiy^id ruthenium precursor comprises 
QHsRu(C0)3. 



64. The method of claim 59, ^^^rein introducing a non-reactive gas comprises 
introducing a non-reactive gas selecte^/ftom the group consisting of nitrogen, argon, 
neon, and xenon. 



65. The method of claim 59, wherein introducing a silicon precursor 
comprises introducing sil^e or disilane into said reaction chamber. 



66. The method of cfehji 59, w^herein steps (a) through (e) are repeated to form 



3 to 5 RuSi^Oy barrier monok 
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